The deoxyribonucleic acid (DNA):ribosomal ribonucleic acid (rRNA) hybridization technique was used to reveal the relationships and taxonomic positions of an additional 83 strains belonging to 43 saprophytic or pathogenic Pseudomonus species and 29 named and unnamed Pseudomonus-like strains. The DNA:rRNA hybrids were characterized by the following two parameters: (i) the temperature at which one-half of the hybrid was eluted and (ii) the percentage of rRNA binding (the amount of rRNA bound per 100 pg of filter-fixed DNA). We also used, for a limited number of strains, numerical analysis of carbon assimilation tests to delineate the finer taxonomic relationships of organisms. Of the 83 strains examined, 78 could be definitely assigned either to an rRNA branch or to an rRNA superfamily within the Proteobucteriu. Only 25 of our strains belong in the genus Pseudomonus sensu strict0 (our PseudomonusJluorescens rRNA branch). In general, about two-thirds of the named Pseudomonas species have been misclassified and are distributed over at least seven genera all through the Proteobacteriu. These organisms need to be reclassified and generically renamed according to their phylogenetic rglationships. However, more detailed phenotypic and genotypic studies are necessary before definite nomenclatural proposals can be made. A comprehensive list of the phylogenetic affiliations of the Pseudomonus species is included.
From the original creation of Pseudomonas Migula 1894 until now, this genus has been a dumping ground for incompletely described, aerobic, polarly flagellated, gram-negat h e , rodlike bacteria. In the past and even today organisms isolated from a heterogeneous variety of ecological niches were and still are classified without sufficient grounds as new Pseudomonas species. One of the reasons for this situation is the incomplete generic definition.
In the United States, the Berkeley group has reported in several papers (42, 43, 48) on the taxonomy of the genus Pseudomonas. The several hundred strains included in the important study of these workers involved only a relatively small number of species. Their new generic definition and subdivision of Pseudomonas was reflected in Bergey 's Manual of Determinative Bacteriology, 8th ed. (20) . In an important reduction in the number of Pseudomonas species, more than 90% of the clinical, phytopathological, and saprophytic pseudomonads were relegated to four addenda to the genus Pseudomonas and were thus only marginally retained in this genus (20) . Most of these organisms have no clear taxonomic status because their names were not retained on the Approved Lists of Bacterial Names (38, 46) nor were they on Validation Lists 17 to 23 (24) (25) (26) (27) (28) (29) (30) . In Bergey's Manual of Systematic Bacteriology , Palleroni (41) listed 62 of these species in Section V of the genus Pseudomonas, although their natural relationships with other taxa are still largely unknown.
We have shown in the past (11-15, 21, 45, 51, 54, 55 ) that the deoxyribonucleic acid (DNA):ribosomal ribonucleic acid (rRNA) hybridization technique used by workers in our group (9) is a powerful tool for establishing bacteriological relationships at the levels of subgenus to order. On the whole, our results agree well with those delineated by oligonucleotide cataloging and sequencing of 16s rRNA (47, 59) . In our first paper on Pseudomonas (14), we confirmed in this genus sensu Doudoroff and Palleroni (20) five different rRNA branches. These branches correspond extremely well with the Palleroni rRNA homology groups (41, 43) , although the latter were derived from a very small number of strains. However, we proved that these groups are genotypically too far removed from each other to be united in a single genus; furthermore, we established their exact relationship with other gram-negative genera (14) . In our opinion the real genus Pseudomonas has to be limited to our Pseudornonas Jluorescens rRNA branch, which contains section I of Palleroni (41) and many other species. In our second study (15) we localized by using DNA:rRNA hybridization most of the unclassified phytopathogenic pseudomonads in one of our Pseudomonas rRNA branches.
The present paper is an extension of our previous phylogenetic studies on Pseudomonas (14, 15, 17) and deals with the taxonomic locations of saprophytic species and a few clinical named Pseudomonas species from addenda I, 111, and IV in Bergey 's Manual of Determinative Bacteriology, 8th ed. (20), or section V in Bergey's Manual of Systematic Bacteriology (41) or both in our rRNA framework (Fig. 1) . The taxonomic positions of several unnamed or misnamed bacteria which turned out to belong to one of our Pseudomonas rRNA branches are also discussed. Tables 1 through 3 . The Roman numerals indicate the rRNA superfamilies; the dashed lines indicate unpublished data. The dendrogram shows the extreme heterogeneity of the present presumed genus Pseudomonas and therefore also the present incorrect taxonomic status of the majority of the Pseudomonas species. In our opinion the authentic genus Pseudomonas should be limited to at most the Pseudomonas j?uorescens rRN,4 branch. 
MATERIALS AND METHODS

Bacterial
I'
For abbreviations see Tables 1 and 2 . The taxon names in quotation marks have not been validated; we use brackets for generic names of organisms which we found to be misnamed. The mass cultures were grown on media as reported previously Preparation of labeled rRNA. Either 14C-or 3H-labeled rRNAs were prepared by using the previously described method (9) from the following strains: Pseudomonas Jiuorescens LMG 1794T (T = type strain), Preparation of high-molecular-weight DNA and DNA:rRNA hybridization technique. For the preparation of DNA, the fixation of high-molecular-weight DNA on membrane filters, the saturation hybridization between 14C-or 3H-labeled 23s or 16s rRNA and filter-fixed DNA, the determination of the thermal stability of the hybrids, and the chemical determination of the DNA on the membrane filters, we used the methods described previously (9, 13, 14) .
Mean DNA base composition (G+C content). Guanineplus-cytosine (G+C) contents were determined in this study or were taken from our previous papers. We used the methods described previously (14) .
Carbon substrate utilization tests and numerical analysis. Auxanographic API galleries were used to determine the growth of 22 strains on 49 carbohydrates (API 50CH galleries), 49 organic acids (API 50AO galleries), and 49 amino acids and amines (API 50AA galleries) (API System, La Balme-les-Grottes, Montalieu-Vercieu, France). Tests were performed, read, and coded as described previously (22) . In rRNA superfamily I1
(a) All Pseudomonas species from section Id (b) Pseudomonas agarici, Pseudomonas amygdali, Pseudomonas asplenii, Pseudomonas caricapapayae, Pseudomonas cattleyae (not the type strain), Pseudomonas coronafaciens, Pseudomonas corrugata, Pseudomonas fuscovaginae, "Pseudomonas lapsa," "Pseudomonas maculicola," Pseudomonas marginalis, Pseudomonas meliae, "Pseudomonas oryzicola," "Pseudomonas panici," "Pseudomonas pastinacae," "Pseudomonas primulae," "Pseudomonas ribicola," "Pseudomonas sesami," Pseudomonas syringae pv. aceris, Pseudomonas syringae pv. antirrhini, Pseudomonas syringae pv. berberidis, Pseudomonas syringae pv. cannabina, Pseudomonas syringae pv. eriobotryae, Pseudomonas syringae pv. passiJlorae, Pseudomonas syringae pv. striafaciens, Pseudomonas syringae pv. ulmi, Pseudomonas syringae pv. viburni, Pseudomonas tolaasii, Pseudomonas viridifava, "Pseudomonas viridilivida," and "Pseudomonas washingtoniae"" (c) "Pseudomonas caudata", "Pseudomonas denitrificans," Pseudomonas fragi, Pseudomonas mucidolens, "Pseudomonas myxogenes," Pseudomonas oleovorans, "Pseudomonas reptilovora," Pseudomonas resinovorans, "Pseudomonas septica," Pseudomonas synxantha , and Pseudomonas taetrolens' 
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RESULTS AND DISCUSSION
The results of the DNA:rRNA hybridizations and mean G+C values are shown in the tables below. The DNA:rRNA hybrids were characterized by the following two parameters: (i) the temperature at which 50% of the hybrid was eluted [T,,,(,) value] and (ii) the percentage of rRNA binding (i.e., the amount [in micrograms] of labeled rR:NA bound [after ribonuclease treatment] to 100 pg of DNA retained on the membrane filter). For each labeled reference rRNA, the Tmce! values were plotted versus the percentages of rRNA binding, yielding rRNA similarity maps. Why T,(,, is the most useful parameter for taxonomic conclusions has been explained previously (11, 13, 14) . The strains were clustered in a Tmte) dendrogram (Fig. 1) . Organisms forming DNA: rRNA hybrids with a AT,,,, of at most 12°C versus the Tmte) of the homologous duplex constitute what we call an rRNA branch. Each rRNA branch is named after a reference taxon used to prepare a labeled reference rRNA. The latter was prepared preferably from a type strain of a type species; in a few exceptional cases labeled reference rRNA was prepared from a reference strain or a reliable working strain. A group of rRNA branches containing taxa which are phenotypically and genotypically similar and which are removed from each other at a AT,,,, of 5 to 8°C is what we call an rRNA complex (e .g., the Alcaligenes-Bordetella complex, the Agrobacterium-Rhizobium complex, etc). In a few cases we attempted to translate these phylogenetic relationships into taxonomic categories. In a number of cases either isolated rRNA branches or rRNA complexes correspond to taxonomic families; examples of the former are the Enterobacteriaceae and the Vibrionaceae, and examples of the latter the Alcaligenaceae and the Rhizobiaceae. A number of rRNA branches and rRNA complexes group together at a AT,,,, of about 12 to 14°C in larger units which we call (8) rRNA superfamilies; these superfamilies probably correspond to either taxonomic subclasses, orders, or suborders. So far, we have discovered six rRNA superfamilies, designated superfamilies I to VI, in the gram-negative bacteria. Four of these superfamilies correspond to the alpha (superfamily IV), beta (superfamily 111), and gamma (superfamilies I and 11) subdivisions of Woese (59), which, together with the delta subdivision, were recently united in the new class Proteobacteria (47). The taxonomic positions of the strains included in this study are discussed below according to their rRNA branch. A comprehensive list of named and misnamed Pseudomonas species, together with their positions in the various rRNA branches, is given in Table 3 .
Organisms belonging to the Pseudomonas Juorescens rRNA branch. We pointed out previously (12, 14) that the authentic genus Pseudomonas should be limited to the Pseudomonaspuorescens rRNA branch and that the members of the Azotobacteraceae as defined in Bergey 's Manual of Systematic Bacteriology (53) are the closest relatives of this group. The emended genus Pseudomonas consists of (i) all Pseudomonas species from section I in Bergey's Manual of Systematic Bacteriology (41) , (ii) previously unclassified plant-pathogenic species (15) , and (iii) the following strains examined in the present study (in decreasing order of relatedness to reference strain Pseudomonas puorescens LMG 1794T): "Pseudomonas septica" LMG 2290, Pseudomonas synxantha LMG 2190T, Pseudomonas taetrolens LMG 2336T, Pseudomonas stutzeri (formerly Pseudomonas per- Tm(e, % rRNA T,,(<,, % rRNA T,(,, % rRNA Tm(,, % rRNA Tm(e) % rRNA T+, % rRNA TmC,) % rRNA (Table 4) . Because all of these organisms have T,n(e) values between 80 and 75.5"C and rRNA binding ranging from 0.05 to 0.18%, they clearly belong in the authentic genus Pseudomonas. "Pseudomonas caudata" LMG 2149, with a TmC,, value of 73.S°C, is at the lower border of this rRNA branch. For the organisms with Tmc,) values between 75 and 76.5"C, the relationship with the members of the Azotobacteraceae has to be investigated.
Often bacteria, in particular pathogenic bacteria, have been grouped together because of similar habitats. However, the ecological niches of the pseudomonads listed above are quite different. Some of them, such as Pseudomonas stutzeri LMG 2243, "Pseudomonas caudata" LMG 2149, and the isolates of Lizzaraga, are of marine origin:, others, such as Pseudomonas fragi, Pseudomonas synxantha, Pseudomonas mucidolens, Pseudomonas taetrolens, and "Pseudomonas myxogenes, " were isolated from foods or beverages; still others, e.g., "Pseudomonas reptilovora" and "Pseudomonas septica," were isolated from reptiles and insects, respectively; and finally, "Pseudomonas denitrr$cans," Pseudomonas oleovorans, and Pseudomonas resinovorans were isolated from soil, with the latter two organisms showing unusual nutritional capacities in degrading oil or oil fragments. For some of these organisms a natural relationship with Pseudomonas jluorescens has been suggested or may be deduced from data in the literature. Based on cofactor specificity and regulatory properties of dehydrogenase proteins in the biosynthesis of tyrosine, Pseudomonas fragi, Pseudornonas synxantha, Pseudomonas taetrolens LMG 2336T, and Pseudomonas stutzeri LMG 2243 have been tentatively placed in group I of Byng et al. (7, 57) . Furthermore, Pseudomonas taetrolens LMG 2336T is identical to Stanier strain 92, which is indistinguishable from Pseudomonas putida (48), a species also belonging in the Pseudomonas fluorescens rRNA branch (14). "Pseudomonas denitrijicans" LMG 2179 belongs to Palleroni rRNA homology group I and exhibits an average of ca. 30% DNA For the other organisms, the natural relationship was previously unknown. The conclusions from our DNA:rRNA data were confirmed for 10 strains by the numerical analysis of the carbon assimilation tests (Fig. 2) (Fig. 2) . Misnamed pseudomonads belonging to the acidovorans rRNA complex. In general, the organisms of the acidovorans rRNA branch are very heterogeneous ( Table 5) (Fig. 2, phenon 4) .
Misnamed pseudomonads belonging to the solanacearum rRNA complex. The nomenclatural remarks for the solanacearum rRNA branch are the same as those given above for the acidovorans rRNA branch. (4); it falls at the border of the [Pseudomonas ] solanacearum rRNA branch and is not related to other iodinine producers which are outside this rRNA superfamily (11). Organisms described as ligninolytic bacteria from Finland (49) were originally tentatively included in Agrobacterium, but previous DNA:rRNA results (13) excluded them from this genus and from rRNA superfamily IV. The taxonomic position of these bacteria was determined in this study. In contrast to former results (ll), it was found recently that the bifurcation of the Janthinobacterium rRNA branch from the [Pseudomonas] solanacearum rRNA branch also occurs at a T,(,, level of 574°C. These findings will be discussed in a forthcoming paper. Misnamed pseudomonads belonging to the Alteromonas haloplanktis rRNA branch. The genus Alteromonas, as localized genotypically by Van Landschoot and De Ley (54) , consists of the Alteromonas macleodii and Alteromonas haloplanktis rRNA branches delineated above a Tmie) of 70°C. The gap between these two Alteromonas rRNA branches is expressed phenotypically by some minor differences (1).
A total of 11 strains from five different misnamed Pseudomonas species belong in the genus Alteromonas (Table 7) . (Tables 2 and 7) . One strain "[Pseudomonas] nigrifaciens" LMG 2227, is not of marine origin but was isolated from salted butter. On phenotypic grounds and on the basis of a G+C content of 42.9 mol%, Baumann et al.
(1) assigned this strain to the genus Alteromonas.
Misnamed pseudomonads belonging to the rRNA branch of the Vibrionaceae. The marine isolate "[Pseudomonas] creosotensis" LMG 2174, which is tolerant of substantial creosote concentrations, is located in the rRNA branch of the Vibrionaceae with a Tm(s) of 77.5"C versus Vibrio parahaemolyticus (Table 8 ). This organism is certainly not a member of the genus Pseudomonas. Its G+C content (45.6 mol%) also excludes it from the genus Pseudomonas. The exact generic and specific status of this bacterium in the family Vibrionaceae has to be determined. Misnamed pseudomonads belonging to the Shewanella (formerly Pseudomonas and Alteromonas) putrefaciens rRNA branch. " [Pseudomonas] rubescens" LMG 2279 (54) has a Tm(e) value of 79"C, which is very similar to the T+) value of the homologous duplex (79.5"C) of Shewanella putrefaciens LMG 2268tlT (Table 9 ). This close relationship between the "[Pseudomonas] rubescens" strain and the type strain of Shewanella putrefaciens has been pointed out phenotypically (35) and by DNA:DNA hybridizations (40).
Misnamed pseudomonads belonging to the rRNA branch of the Enterobacteriaceae. bb[Pseudomonas] trifolii" LMG 2598 groups with a Tm(e) of 77°C versus Escherichia coli in the rRNA branch of the Enterobacteriaceae (Table 10) . Thus, our results do not contradict the proposed and generally accepted inclusion of " [Pseudomonas] trifolii" in Erwinia herbicolu (33) . Recently, Verdonck et al. (56) showed that this strain belongs phenotypically in Erwinia herbicola phenon 9. The position of leaf nodule organism LMG 2806 has been discussed previously in more detail (16) . (Table l l ) , is located at the lower border of the rRNA branch of the Aeromonadaceae. Therefore, this species cannot belong to the same lineage as Pseudomonas aeruginosa, as was proposed by Baumann et al. (2) . We believe that [Pseudomonas] doudorofii LMG 2180T is not a member of the genus Pseudomonas. It is not clear yet whether this bacterium may be included in the genus Aeromonas or whether it deserves separate generic rank. An extensive study comparing this species with authentic Aeromonas species is required for a definite conclusion.
Misnamed pseudomonads located at the junction of the first and second rRNA superfamilies. The organisms located at the junction of the first and second rRNA superfamilies are shown in Table 12 . None of these strains definitely belongs to either one of our rRNA branches; thus, they are certainly not members of the genus Pseudomonas. The Lizarraga strains (349, 1371, 1613, 2006, 2014, 2026, 2128 constitute a separate rRNA branch in the second rRNA superfamily (32) . Our hybridization data show that (i) [Pseudomonas] marina is indeed a member of the Deleya rRNA branch, with a T,n(e) of 753°C versus Deleya aquamarina LMG 2853, and (ii) bCIPseudomonas] bathycetes," with a Tm(e) of 80.5"C, and [Pseudomonas] beijerinckii, with a T,(,, of 74.5"C, also belong in this rRNA branch (Table 14) . The three misnamed pseudomonads were isolated from marine environments (Deleya marina and "[Pseudomonas] bathycetes") or salted beans ([Pseudomonas] beijerinckii). In our numerical analysis these organisms grouped together at a similarity level of more than 80% with "Deleya aquamarina" LMG 2853 in phenon 2 (Fig. 2) .
Misnamed pseudomonads belonging to the Acinetobacter rRNA branch. We examined two strains of' b'[Pseudomonas] pavonacea" (36) , an original Levine strain from creamery waste (strain LMG 2242; G+C content, 45.9 mol%) and strain LMG 2241 (G+C content, 45.6 mol%) (37) , and one strain of the phenol-and cresol-attacking soil bacterium "[Pseudomonas] cruciviae," strain LMG 2175 (23) ( Table   15 ). With T,n(e) values of 75.5 to 76°C these organisms fit in the genus Acinetobacter [Tm(,, range, 74.5 to 79.5"CI. In 1961 Lysenko (37) showed that "[Pseudomonas] pavonacea" is phenotypically different from the rest of the genus Pseudomonas. Furthermore, there are some phenotypic differences among "[Pseudomonas] pavonacea ," "[Pseudomonas] cruciviae, " and Acinetobacter; both misnamed pseudomonads have two striking features, motility and the presence of oxidase, which are lacking in Acinetobacter species. In our phenotypic analysis (Fig. 2) " [Pseudornonas] pavonacea" LMG 2242 and 6'[Pseudomonas] cruciviae" LMG 2175 clustered at a similarity level of 80% with Acinetobacter calcoaceticus LMG 1046tlT in phenon 3, indicating that these strains are highly related.
Misnamed pseudomonads belonging to the Rhizobium loti (Table 19 ). The taxonomic position of these organisms remains unclear. They have been misnamed, and they do not belong in the genus Pseudomonas. " [Pseudomonas] perlurida" LMG 2244 belongs to the grampositive bacteria; it is located versus Arthrobacter oxydans LMG 3816 (= CBRI 21010) at a Tm(e) of around 70°C on the rRNA similarity dendrogram (data not shown). It is perhaps related to the brevibacteria.
